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KEKB

= Asymmetric Double-Ring Collider for B-
Physics
8 GeV Electron (HER) + 3.5 GeV Positron (LER)

1989 Designing work starts.

1994 Budget approved. Construction starts.
Dec 1998 HER commissioning starts.

Jan 1999 LER commissioning starts.

May 1999 Belle Detector rollsin.

Jun 1999 First signal in Belle.

Apr 2001 Luminosity world record (3.4 /nbl/s)

Oct 2002 Integrated Luminosity world record
(100/tb)

9 May 2003, 07:26 Design Luminosity 103%cm-2s1
(10 /nb/s) was achieved,

LER (3.5 GeV)

Crab Cavities
(planning)

HER (8 GeV)
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Typical Operation of KEKB (One day)

Design current 3.77 bucket spacing, Bucket space = 0.59m ( 2ns)
HER=1.1A Harmonic number = 5120

LER=2.6A 174

[4] 1284 [bunches] Phvsics B 3/8 FE-AR, 57 PF restart.
mmsssl»  LER 1.567 [4] 1284 [bunches] ¥ S8 KU 5/13 Regular Maintenance.
Luminesity 12.233 {now) 12.567 (peakin 24H @00:33) [/nb/sec] 3427 Regular Maintenance..
Integ. Lum. 225.8 (Fll) 935.4 (Day) 936.3 (24H) [/pb] 5/6/2004 0:00JST
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Pictur es of
ArcC section

Tworingslieside by
side horizontally.

M ost vacuum chambers
are made of OFC. The

total number exceeds
2000.

LER liesinside.

HER liesinside.




Electron Cloud Problem in KEKB
LER (Positron Ring)

1) Coupled bunch instability
Cured by the transverse feedback system.

2) Beam size blow up
Cannot achieve a higher luminosity by increasing the LER

beam current.
» The effect of the cloud is stronger for a higher bunch current

and a shorter bunch space.

Remedies:
Solenoid (to confine electrons near the chamber wall): Nearly

all drift spaces are covered
Antechamber (to remove photoel ectron): under test

NEG, TIN coating (to stop multipacting): under test



Effect of Solenoid on Electron Cloud
[H. Fukumal

1train, 1284 bunches, 3.77 spacing

4 L B B | 1 T 7T 1 T 7T LB B LENNLEL LA LA 5 T T T T L T T T T T T T
' ] l l l l ]
i i - «  3.77 (before connection-change)
35 . i - 3.77 (befor e connection-change)
i i - « 3.77 (after connection-change)
i 4 - 3.77 (after connection-change)
3 L
= X i =
o o) 5
5 25 | Oho off ks) 3
E ' E Ot
a : a
& “f 5
N N N
B i ‘D 2
£ 15 | : 4
m K m Awd'
1 ¥ %
i 1
05 |
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 400 600 800 1000 1200 1400 1600 1800
Beam current(mA) Beam current(mA)

Even with a solenoid field (~30
Gauss), the vertical beam size
startsto grow at the LER beam
current of 1.2 A.

The effect of the total length of a
solenoid field on the vertical beam
size.




Electron Monitor

M easures el ectrons that hit the chamber wall.

R Shield Grid
#30 mesh, 90.25 wire
/ Geometrical Transmission 59 Pump pOI’t

Coefficient = 1/2
Pump Port -= | — Retarding Grid ~
L= #30 mesh, 8025 wire

= _ID]_ [Ul T Acceptance
for fast electron
Anode || —

Electron Monitor
(Modified Type)

p— /' Retarding
=100V — FEias




DC Measurement (1)

Detector (b) Detector (a)

~ ~ Bending
_ _ ~ ~ Magnet Electron
Distance from the bending magnet 7.96m 1.20m om .
Relative photon density of SR 1 28 monitors are set
Angle of incidence of photon 0.34b 1.84b
10 downstream of a
: bending magnet.
gl The measured
< ' electron current
o i reflects the
g _ Intensity of
= synchrotron
© 4l radiation (SR) at
S : each location.
o
T : .
2 Photoelectron is
‘ a source of the
: electron cloud.
O ) e L1 L1 L1
0 0.1 0.2 0.3 0.4 0.5

LER Beam Current [A]



DC Measurement (2)

Theratio of the incident photon number

A: direct photon only
/ B: reflected photon included at the detector (b) Theratio of the
100 [ electron current of
5 the previous |
= measurement is
3 _ A | different from that
o <z , of the intensity of
= ' .. ' SR.
1/ ° ‘..O'.J.
2 10 | : :
% ; : This suggests that
a} : ; SRisnot an only
.% source to
x determine the
o density of the
3 electron cloud.
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LER Beam Current [A]



DC Measurement (3)

‘ o VA_PEM:DO7_L4:CURRENT |

Electron Monitor Current [A]
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Measurement at a
location where SR Is
negligible.

Very steep increase of
the electron current
with respect to the
stored positron current
IS observed.

This shows the
existence of another
process to build up the
electron cloud, that is
the multipacting
process first proposed
by O. Grobner.



DC Measurement (4)

— e PE1 | Beam Current: 290-280 mA
—sa— PE2

Energy Distribution
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Example of an energy distribution of obtained by the electron
monitor.



Electron Current [10° A]

DC Measurement (5)

Correlation between Pressure and Electron Current

, Electron current , |ocal pressure
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Fast Measurement (1)

[with Y. Onishi, M. Tanaka, and T. Murakami]

The time variation of an electron current corresponding to the bunch patternis
measured. This type of measurement is possible only when the electron current is

sufficiently high.
.:Il_ i
Tl
i I"\.IE [
=t |
.:E".' i wif T '_._-._.q' SR
n L EL Ll [
micro set
A =
3} v
E I ; - ] Irl
,E mf y ¥ . |'|'|
1" y Y
m 1L |r . \ LY ".FII" ¥
e L-E.H ':_:ml [m;; .....

s fromstnlalalp U ATLAIT 87 TIEKED DRRCIE

[uaaann)Jy g A swifes

1

i

H

T 150
LER Current [m&)

sl from:Snlalalp P MTFLWIT 87 TIE RED R

Train gap
- e
T o _ L} .
:-:Ir I:
£ Peak height L
- ]

Vertical beam slze

Bunch
train

Vil
I

fz®

[uaaann)Jy g A swifes

[16 train, 80 bunch/train, every 4 bucket]
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Fast Measurement (2)

The location of the electron monitor is same as Detector (a) in the sheet ‘DC

Measurement (1)’
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Fast M easurement (3)

- Summary of the blow up threshould observation by the fast measurement

1) The electron current isassociated with the bunch train.
2) The threshould of the blow up corresponds to the almost same peak height of the electron current .
3) The peak height of the electron current looks proportional to the line density of charge in the train.

(Where photoelectrons are dominant seeds of a cloud)

Blow up Threshold Observation

Bunch Pattern LER current at Peak height of Line density of
the threshould electron current at LER current inthe

thr threshould train at the

threshould

[MmA] [mV] [mA/bucket]
[16, 80, 4] 440 25 0.09
[4, 60, 8] 175 24 0.09
[4, 60, 4] 104 24 0.11

[4, 60, 2] 70 27 0.15




Estimation of Cloud Density near the Beam from
DC measurement (1)

Basic |dea

In LER, electronsin the cloud receive an impact force when arelativistic
short(~7mm) bunch passes by. An electron closer to the bunch gains a higher
energy.

LER has a bunch space of 6 ~8ns (3~4 bucket). After 6~8ns from the impact by
the preceeding bunch, most remaining electrons in aduct have alow energy

( except few multiply reflected electrons from a duct wall ). By the encounter
with the next bunch, high energy electrons are produced in the narrow volume
around the beam.

*Most high energy electrons are produced by a single encounter with abunch in
the narrow volume around the beam.

*Given aretarding bias and a bunch charge we can estimate the volume from
which observed high energy electrons come.



Estimation of Cloud Density near Beam from DC measurement (2)
Formulation

eAn €lectron at alateral distance r from a bunch gains akinetic energy,
2
KE = p?= mczz(—reﬁb-) , Where
2m r

N, = Bunch population, r, = Classical electron radius.
By applying aretarding voltage V,, only électronswithin  r enter the monitor,
2
eV,
Due to the monitoring geometry, the electron monitor sees a part of the cylinder,
Vobs.vol (Vb) = Fm La re , Where
L, =1.2x107° [m],
F.. = Mesh factor, depending on an overlapping pattern of two # 30 meshes
thisvaluevariesfrom  1/2 to 1/6.

where r isgivenby, r*=2 NZrZ.

Ie(vb)

eElectron current per bunch ' N (V) = perang n, = Number of bunch
enb

rev

eDensity of Cloud : D = N (V)
Vobs.vol (Vb)




Estimation of Cloud Density near Beam from DC measurement (3)

Electron Cloud Density in the D6 NEG coated chamber.
(Detector position is6 m downstream
from the center of a bending magnet.)

510" , ,
24 Sep. 2004
No. of bunch = 1293
12 Bunch space = 3.77 bucket
4.8 10 Retarding bias= 500V
& M esh factor =1/4
£ No Solenoid™
bz; 4.6 10* _
s e N |
o) N Transient Estimated
o 12 o
o 4410 / vatue density is
%3 closeto the
4.2 102 simulation.
4 10%
1.22 1.23 1.24 1.25 1.26

Average Bunch Current [mA]



Estimation of Cloud Density near Beam from DC measurement (4)

Electron Cloud Density at Fuji Straight Section

1013 i
_ —Downstream
“?E 102 of avertical bend (D7)
> : 29 Sep. 2004
D No. of bunch = 1284
o Bunch space = 3.77 bucket |
Q Retarding bias=500V
5 M esh factor = 1/4
+§ 101 | No Solenoid_|
nE £
- Between ARES and Injection
" (no SR)
1010 |
0.59 0.6 0.61

Average Bunch Durrent [mA]



Electron Measurement by MCP (Preliminary) (1)




Electron Measurement by MCP (Preliminary) (2)

| Bias OV I | Bias -2kV I

Electron Current [arb. unit]

Electron Current Variation in One turn

17Sep2004
150 L] 1 L] L] L] ( L] lp ] ) L] T T T T
Total Current :1424mA (bias 0V), 1443mA(bias+2kV)
No solenoid
100 | g J'
' Lol
50 — ’ I | L |
O 1 !
-50 ___ Ui w
-100 e e e R T
0 2 4 6 8 10

Time [J sec]

The number
of incoming
electronsis
far beyond
the normal
operating
range of
MCP.



Electron Measurement by MCP (Preliminary) (3)

— Bias OV Electron Current at a Train Gap — Bias -2kV
(All energy) (17 Sep 2004) (Energy>2keV)
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Summary of the Observation

1. Photoel ectrons due to synchrotron radiation contribute to the el ectron cloud
density.

2. The electron cloud density is multiplied by the multipacting process.

3. An electron monitor current and a nearby pressure have a good correlation.

4. Monitored current is associated with the bunch train.

5. Beam blowup starts at the nearly same peak current.

6. By measuring high energy electrons that enter the detector by asingle kick by a
bunch, the density of the cloud can be estimated. The results supports the

simul ation.

7. Using aMCP, the time variation of electron current can be observed with the
nano-second resolution even though the MCP is operated in an unusual range.



